The study comprises observations in 464 Swedish Yorkshire pigs at puberty and after the first weaning. The aim was to study relationships between age at puberty and weaning to estrus interval and between estrus signs at puberty and after the first weaning. The estrus signs were checked, and blood samples for progesterone determination were drawn regularly around puberty and after the first weaning. Gilts expressing early puberty (youngest one-third) showed a greater ability to return to estrus and to ovulate within 10 d after weaning than gilts expressing late puberty (oldest one-third) ( P = .01). A positive genetic correlation was found between age at puberty and the interval from weaning to the first detected estrus (WEI) ( r g = .45). The genetic correlation between age at puberty and the ability to show the standing reflex and to ovulate within 10 d after weaning was negative ( r g = −.50). The heritability of the ability to show the standing reflex and to ovulate within 10 d after weaning was .31. Gilts not showing a standing reflex at puberty also had a higher incidence of ovulation without a standing reflex within 10 days after their first weaning (21.4 vs 6.2%, P = .001). There was a significant positive correlation between the total duration and the intensity of the reddening and swelling of the vulva at puberty and after the first weaning. This study demonstrates relationships both between age at puberty and WEI and between some estrus signs at puberty and after the first weaning.
Introduction
According to a Dutch field study, gilts mated at an older age are culled earlier than gilts mated at a younger age, mainly because of infertility (Schukken et al., 1994) . Merks and Molendijk (1995) found a positive genetic correlation between age at first mating and the interval from weaning of the first litter to the subsequent mating for the second litter. Selection for younger pigs at puberty has had a favorable effect on the interval from weaning of the first litter to estrus (Holder et al., 1993) . In gilts (Eliasson, 1989) and primiparous sows (Sterning et al., 1994) , the intensity of the vulvar signs and the duration of some of the estrus signs were repeated from one estrus to the next. The heritabilities in gilts for the ability to show the standing reflex and for the duration and intensity of the estrus signs at puberty seem to be high enough to allow for successful selection .
The objectives of this investigation were to determine 1 ) whether there are phenotypic and genetic relationships between age at puberty and the interval from first weaning to estrus and 2 ) whether there are phenotypic relationships between the ability to show the standing reflex and the intensity and duration of the estrus signs at puberty and after the first weaning in pigs.
Materials and Methods

Management and Feeding. This study comprises
observations for 464 animals at puberty and after the first weaning. Purebred Swedish Yorkshire belonging to seven generations of a selection experiment performed at the research station Funbo-Lövsta, Uppsala were used. The animals were reared in 21 batches, and each generation included three batches. The pigs were selected for lean tissue growth rate (25 to 90 kg) at two different protein levels (Stern et al., 1993 ). The energy level was 11.9 MJ/kg in both diets. The amount fed was adjusted once a week according to the average BW in each pen. In the last generation, both selection lines were fed a commercial diet for growingfinishing pigs (Stern et al., 1995) . All gilts were kept indoors, with six animals to each pen in the fattening unit with no boars in this unit. At an average age of 190 d, the gilts were moved to a breeding unit within the same building as the fattening unit. The gilts from one pen were moved and penned together. Mixing of gilts from different pens occurred very rarely. The group size was reduced from six to four or five gilts. Unselected gilts were slaughtered. A boar was housed in a pen adjacent to the gilts in this unit. From about 90 kg live weight, the gilts were fed 2.2 kg/d of a barley-based sow diet (12.1 MJ/kg, 14.5% crude protein). Shortly before mating, the gilts were moved to the mating unit, where they were kept with four gilts to each pen. Again, mixing of gilts from different pens occurred very rarely. Boars were always present in separate pens. The gilts in one batch were all mated during a 4-week period. Because of the design of the selection experiment, the gilts were rather old at mating (overall mean age = 309 d, SD = 25.4, range = 249 to 385 d), and for some batches the mating period occurred a little later than for other batches. The sexual age at mating therefore differed from the first to the ninth estrus. Three weeks before expected farrowing, the gilts were moved to individual farrowing pens. At weaning, the sows were moved back to the mating unit. During gestation, the gilts were fed 2.2 kg/d of the sow diet, and during the lactation period of 6 wk the daily feed allowance was gradually increased from 2.0 kg at farrowing to a maximum of 2.0 kg + .4 kg/suckling pig. After weaning, the daily feed intake was 4 to 5 kg until mating and thereafter 2.2 kg.
Estrus Detection. From 160 d of age until all estrus signs had ceased at puberty (the first ovulation), the gilts were checked at approximately 0830 and 1530 for estrus signs by inspection of the vulva and checking of the standing reflex with the back pressure test (Eliasson, 1991) . Technicians recorded estrus signs at puberty, except during weekends, when the usual staff, very well familiar with estrus detection, performed the recordings. Over the years, five technicians recorded the estrus signs, but there were no changes of technicians within a batch. Gilts older than 260 d at puberty were not included in this study. A boar was present in each pen for 5 to 10 min during the morning inspection to stimulate the gilts and for the purpose of estrus detection. The duration of the estrus signs was recorded, and the intensity of the reddening and swelling of the vulva was scored as no, weak, or strong. Blood samples for progesterone determination were drawn every 10 d from 170 d of age until the first detected estrus and again at approximately 12 d after the first estrus.
From the day after weaning until the first estrus, the sows were checked for a standing reflex. Two ways of recording the estrus signs were used. In 265 sows from 13 batches ( 1 to 10 and 16 to 18), standing estrus was checked once daily using the back pressure test by the usual staff. The weaning-to-estrus interval ( WEI) was recorded. Blood samples for determination of plasma progesterone were drawn either at 12 d after weaning, if no standing estrus was recorded within 10 d after weaning, or 12 d after the first standing estrus, if this occurred within 10 d after weaning. In 199 pigs from eight batches (11 to 15 and 19 to 21), the estrus signs were checked twice daily by inspection of the vulva and detection of a standing reflex, using the back pressure test. These sows were included in a study on estrus signs (Sterning et al., 1994; Sterning, 1995) . Technicians recorded the estrus signs in these batches, except during weekends, when the usual staff performed the recordings. During the morning inspection, a sow was in the boar pen for 5 to 10 min for stimulation and for the purpose of estrus detection. If a sow, due to leg or hoof injuries, could not walk to the boar pen, the boar was allowed to reach the sow with his snout. The recording of the estrus signs continued until all the reddening and swelling of the vulva had ceased at the first estrus after weaning. Blood samples for determination of plasma progesterone were drawn every 7 d after weaning until the first standing estrus and 12 d after the first standing estrus. The intensity of the reddening and swelling of the vulva was scored as no, weak, moderate, or strong.
The following definitions were used at puberty and after the first weaning: Proestrus was the period before standing estrus when reddening and swelling of the vulva occurred. Standing estrus was the period when a pig exhibited the standing reflex. Duration of reddening and swelling of the vulva was the period before, during, and after the standing reflex when reddening and swelling of the vulva occurred. The ability to show a standing reflex was scored as no standing reflex ( 0 ) or standing reflex ( 1 ) .
Blood Sampling and Progesterone Analysis. Blood was collected by puncture of the jugular vein using heparinized tubes. After centrifugation, the plasma was removed and stored in plastic tubes at −20°C until it was assayed. Plasma progesterone concentrations were determined with an RIA system (Bosu et al., 1976) at the Department of Clinical Chemistry, Swedish University of Agricultural Sciences, Uppsala. In this assay system, a progesterone concentration >7 nmol/L indicates active luteal tissue in the ovaries (Eliasson, 1989) .
Statistical Analyses. The data were analyzed using the Statistical Analysis System (SAS, 1987) . The model below was used for calculating the residuals for the duration of estrus signs. The residuals were then used for calculating correlations between estrus signs at puberty and after the first weaning.
where m is the overall mean, b i is the effect of batch ( i = 11 to 15, 19 to 21), and e ij is the residual random term.
When the effect of age at puberty on the interval from weaning to estrus (within 10 d after weaning) was analyzed, the following model was used:
where m is the overall mean, b i is the effect of batch ( i = 1 to 21), b 1 X ij is the regression on age at puberty, and e ij is the residual random term.
The variation in the percentage of animals with or without a standing reflex at the first ovulation within 10 d after weaning with regard to their ability to show a standing reflex at puberty was analyzed using a chi square test. This test was also used for comparing the intensity of the vulvar signs at puberty and after the first weaning.
When the effect of age at puberty on the ability to show a standing reflex and to ovulate within 10 d after the first weaning was analyzed, animals were classified within batch in three groups of equal size according to their age at puberty (young, medium, old). This was done to reduce the effects of year, season, and changes in management in different batches on age at puberty and the ability to show standing estrus and to ovulate after weaning. The difference in the frequency of pigs showing a standing reflex and ovulating within 10 d after weaning between all the young, medium, and old pigs was analyzed using the chi square test. Least squares means values for sow and pig characteristics were analyzed with the effect of age group in the model.
When the correlations between age at puberty (first ovulation) and interval from weaning to estrus were estimated, the dates of the first detected estrus after weaning were used. Ten sows were slaughtered before they showed estrus, between d 15 and 40 after weaning. In the genetic analysis, they were given a WEI value of days from weaning to slaughter + 1. Five sows without estrus were slaughtered later than 40 d after weaning without showing estrus. These sows and three sows that showed estrus later than 40 d after weaning were given a WEI value of 40 in this analysis. Genetic parameters were estimated using REML analyses with a multivariate procedure (Johansson, 1992 ). The animal model included the fixed effects of batch ( 1 to 21) and diet during rearing (1, 2 ) and the random effects of animal and error. Presented heritabilities and correlations are multiple trait estimates, with two traits included in each evaluation.
Results
Twelve gilts did not ovulate at their first standing estrus, but they all had normal ovarian function later. Nine of these anovulatory gilts showed standing estrus and ovulated within 10 d after weaning. One anovulatory gilt showed a standing reflex without ovulation after weaning, whereas two anovulatory gilts neither showed the standing reflex nor ovulated within 10 d after weaning. These anovulatory gilts were excluded from further analyses because age at puberty could not be recorded.
The influence of age at puberty on the weaning-toestrus interval is presented in Table 1 as the frequency of pigs showing a standing reflex and ovulating within 10 d after the first weaning in three age groups ( n = 452). Gilts expressing early puberty (youngest one-third) showed a higher percentage of return to estrus within 10 d after weaning than gilts expressing later puberty (oldest one-third) ( P = .01). Results on weight, backfat, and litter performance of the sows in the three age groups are also presented in Table 1 . Although there were no differences in age and weight at farrowing, the oldest one-third showed significantly larger weight loss than the youngest onethird. Among pigs mated at puberty or at the second estrus, a smaller percentage of pigs seemed to return to estrus (and ovulate) within 10 d after weaning compared with pigs mated on their fifth estrus (51.7 vs 86.9%, P < .001). Pigs mated on a low estrus number were, however, older at puberty than pigs mated on a high estrus number. When only the results of gilts mated at their fifth estrus ( n = 122) were analyzed, gilts expressing early puberty (youngest one-third) tended to have a higher percentage of return to estrus within 10 d after weaning than gilts expressing later puberty (oldest one-third) (90.5 vs 82.8%, P = .6). The genetic correlation between age at puberty and the interval between weaning and the first detected estrus was .45 (Table 2) . Among sows with a WEI of ≤10 d, the regression showed that if a sow was 100 d older at puberty it would result in a 1-d longer interval from weaning to first estrus ( P = .001). The estrus number at mating did not significantly affect this result.
The ability to show a standing reflex at puberty and at the first ovulation within 10 d after weaning was recorded in 452 animals. Their mean age at puberty was 206 d (SD = 20.8, range = 164 to 259 d). Out of the 452 pigs, 381 ovulated within 10 d after weaning, and 351 showed standing estrus and also ovulated. b The differences between these frequencies were significant ( P < .01) in a chi-square test. Table 2 . Mean or incidence and heritabilities for age at puberty and weaning-to-estrus interval and correlations between these traits a Categorical trait, h 2 , and phenotypic correlation corrected according to Dempster and Lerner (1950) . b Sixteen sows without records on the day of slaughter and day of estrus were excluded. The heritability of the ability to return to estrus (standing reflex and ovulation) within 10 d after weaning was estimated to be .31 (Table 2 ). The genetic correlation between age at puberty and this ability was −.50. At puberty, 88.7% of the pigs showed a detectable standing reflex. Among pigs not showing a standing reflex at puberty, 21.4% (9/42) ovulated within 10 d of weaning without a detectable standing reflex. The corresponding result among pigs showing a standing reflex at puberty was 6.2% (21/339). The difference was significant ( P < .001).
The duration and intensity of estrus signs were recorded at the first estrus after weaning in 199 pigs, and in 179 of these pigs estrus signs at puberty were also correctly recorded. The overall mean duration and the correlations between the estrus signs at puberty and after weaning are presented in Table 3 . There was a significant correlation between the duration of the vulvar signs at puberty and after weaning. The distributions of the duration of the estrus signs at puberty and after weaning are presented in Figures 1  to 3 . At puberty, 88.8% (159/179) of the pigs had strong reddening and swelling of the vulva, and at the first estrus after weaning the corresponding frequency was 73.7% (132/179). In pigs with strong vulvar signs at puberty, 77.4% also had strong vulvar signs after the first weaning, compared with 45.0% among pigs with no or weak vulvar signs at puberty ( P = .002). The estrus number at mating for gilts affected neither the correlations between the duration of the estrus signs at puberty and after weaning nor the duration and intensity of the estrus signs at the first estrus after weaning. 
Discussion
Age at Puberty and Weaning-to-Estrus Interval. In the present study, the frequency of sows in estrus and ovulating within 10 d after weaning was higher and the WEI (within 10 d ) was shorter among sows expressing early puberty (youngest one-third) than among sows expressing late puberty (oldest onethird). The genetic analysis showed that this relationship was partly genetic. The gilts expressing late puberty had a larger litter weight gain and also a larger weight loss during lactation than gilts expressing early puberty. The reason for this result is not known, but it could have an influence on the relationship between age at puberty and the WEI. A large weight loss during lactation could delay the return to estrus after weaning (Sterning et al., 1990) . The relationship between age at puberty and the WEI in the present study is in agreement with a study on selection for lower age at puberty (Holder et al., 1993) , in which the selected animals tended to return to estrus earlier after weaning than the control animals. All gilts in that study were mated during the second estrus. However, in the present study, it was not possible to fully determine whether the estrus number at mating had an effect on the ability to return to estrus and to ovulate within 10 d after weaning. In pigs mated during the same estrus number, the frequency of return to estrus within 10 d after weaning, in the three age groups, showed the same pattern as when the result on all pigs were analyzed. This indicates that the sexual age at mating was of minor importance in the present study. In addition, the estrus number at mating did not affect the regression between age at puberty and the WEI. The results from the present study and from the study by Holder et al. (1993) indicate that it may be possible to reduce the incidence of delayed return to estrus in primiparous sows by excluding gilts that express puberty at much older ages than average from the breeding program. It would also be possible to select directly for a short interval from weaning to estrus ( = .3, Ten Napel et = .2, this study; h 2 h 2 al., 1995) or for a high ability to show estrus within 10 d after weaning ( = .3, this study). h 2 Standing Reflex. Genetic parameters for estrus signs at puberty have previously been estimated in most of the gilts in the present study (18 of 21 batches) . The heritability for the ability to show a standing reflex at puberty was fairly high (.29) compared with other reproductive traits. Among the gilts in the present study that did not show a standing reflex at puberty, the risk of not showing a standing reflex at the first ovulation after weaning was significantly higher than for animals showing standing reflex at puberty. A selection procedure to improve the ability to show standing reflex at puberty would also increase the ability to show a standing reflex after the first weaning. Without the progesterone determinations, the relationship between the ability to show standing reflex at puberty and after weaning would not have been found. The animals would only have been regarded as having a high age at puberty and a long interval from first weaning to estrus.
Duration and Intensity of Estrus Signs. The duration
of the vulvar signs has the highest heritability (.38) of all the estrus signs at puberty . The results from the present study showed that the duration of the vulvar signs had the highest relationship between puberty and postweaning records. Genetic correlations between estrus signs at puberty and after weaning were not estimated in this study because of the small number of animals. No phenotypic relationships were found between the duration of proestrus or the duration of standing estrus at puberty and at the first estrus after weaning. If estrus signs at the second or third estrus had been compared with estrus signs after the first weaning, the effect on the duration of the proestrus might have been different, because some gilts have a very long proestrus at puberty. In the present study, the standing reflex was checked twice daily, resulting in a narrow range of the duration of standing estrus at puberty and after weaning, when approximately 70% of the pigs had 2 d of standing estrus. The heritability for the duration of standing estrus when checked twice daily is also lower (.16) than for any other estrus sign . More frequent estrus detections may give a different result.
Implications
Gilts with delayed puberty tend to express delayed estrus and ovulation after weaning their first litter. Gilts that fail to show a standing reflex at their first ovulation have a greater risk of not showing a standing reflex in association with their first ovulation after weaning. Therefore, these gilts should be avoided when choosing gilts for replacement. Gilts with short and weak vulvar signs at puberty also have a higher risk of showing short and weak vulvar signs after weaning.
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